Observations were made of the extreme solar limb in six far-infrared wavelength bands ranging from 30 to 670 fim using the Kuiper Airborne Observatory during the total eclipse of the Sun on 1988 March 18. By observations of the occultation of the solar limb by the Moon, it was possible to obtain a spatial resolution of 0'.'5 normal to the limb. The results at wavelengths of 100 //m and less were found to be essentially equivalent to those obtained in 1986 by Lindsey et al., and we discuss here in detail only the results of the 200, 360, and 670 //m observations. The solar limb was found to be extended with respect to the visible limb at all of these wavelengths, with the extension increasing with wavelength. Limb brightening was observed to increase slightly with increasing wavelength, and no sign of a sharp emission spike at the extreme limb was found at any of these wavelengths. The observations can be well fitted by a chromospheric model incorporating cool dense spicules in the lower chromosphere.
INTRODUCTION
Observations of the Sun at far-infrared and submillimeter wavelengths can provide a powerful tool for probing the physical conditions in the lower solar chromosphere. There are three reasons for the special utility of observations at these wavelengths:
1. The emission is entirely in the Rayleigh-Jeans tail of the solar blackbody radiation, 2. The radiation is formed in local thermodynamic equilibrium in the emission region.
3. The opacity sources in this region at these wavelengths are either hydrogen free-free or H" free-free, both of which are well understood and have a strong dependence on wavelength.
Reasons 1 and 2 suggest that far-infrared observations can serve as an excellent thermometer of the temperature of the emitting gas, while reason 3 implies that observations at a variety of far-infrared wavelengths can be used to probe different heights in the solar atmosphere.
In spite of the above-noted advantages, there are two major difficulties in observing the Sun at far-infrared wavelengths. First, except for weakly transmitting windows at 350, 450, and 670 /mi, the Earth's atmosphere is opaque to ground-based observations in the 30 to 800 //m range due to absorption by atmospheric water vapor. Second, the relatively long wavelengths yield large diffraction-limited beam sizes, even on the largest ground-based telescopes. This severely limits detailed observations of the solar limb, where the solar surface brightness can change rapidly with spatial distance normal to the 1 NASA Ames Research Center, MS 245-6, Moffet Field, CA 94035-1000. 2 Postal address: Department of Astronomy, University of California, Los Angeles, CA 90024.
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limb. Observing the Sun from an airborne platform during a solar eclipse is a technique that has been used previously by several groups (Beckman, Lesurf, & Ross 1975; Clark & Borieko 1982; Lindsey et al. 1983 Lindsey et al. , 1986 to circumvent both of these problems. A telescope situated above the tropopause has access to the far-infrared continuum with tolerable attenuation due to atmospheric water vapor. Furthermore, the spatial detail on the Sun that can be obtained in the direction normal to the lunar limb during an eclipse is limited only by the roughness of the lunar limb (0"5), assuming that adequate signal-tonoise (S/N) is achievable. Using an airborne observing platform also virtually assures that the weather will be clear during the eclipse and allows the telescope to be positioned directly in the center of the path of totality. This observational technique was first used by Beckman et al. (1975) , who flew a small farinfrared telescope aboard the Concorde aircraft during a total solar eclipse in 1973. Similarly, Clark, & Borieko (1982) used the NASA Lear Jet Observatory to observe the solar eclipse of 1979 in the far-infrared. Later, Lindsey et al. (1983 Lindsey et al. ( , 1986 ) used the Kuiper Airborne Observatory to observe the total eclipse of the Sun in 1981 July. This last group, which contained many members in common with our present team, were able to obtain profiles of the solar limb at 30, 50, 100, and 200 //m wavelengths with an angular resolution of 0"5 normal to the limb. Although these previous results have added important information that can be used to model the conditions of the low solar chromosphere, there is still a gap in the wavelength coverage between the longest wavelengths in these observations and the shortest wavelengths that can be observed using interferometric techniques on radio telescopes. We report here on extensions to the observations obtained by Lindsey et al. (1986) that we made with the KAO during the eclipse of 1988 March 18. In addition to repeating the observations at the four wavelengths of Lindsey et al. (1986) , we added a second detector-system that measured the solar limb emission at 200, 360, and 670 //m. The observational techniques are described in § 2, the results are presented in § 3, while a discussion of the 
OBSERVATIONS
The observations presented here were made on a flight using the Kuiper Airborne Observatory (KAO). The Sun was tracked from 2300 , 1988 March 17 to 0230, 1988 . Totality occurred at 0149, 1988 March 18. For these observations, the KAO was temporarily based at Anderson Air Force Base in Guam. At the time of totality, the aircraft was flying nearly opposite to the motion of the eclipse shadow at an altitude of 41,000 feet and an airspeed of 430 knots, ~500 miles NW of Guam. With the motion of the aircraft included, the apparent speed of the lunar disk across the Sun was 0''514 s -\ giving an observed totality duration of 2 minutes 55 s.
In order to protect the telescope optics and the detectorsystems, the 0.9 m primary mirror of the KAO was covered by a ¿ inch (0.6 cm) thick layer of white polyethylene which served to scatter the visible light while allowing the far-infrared radiation to pass through relatively unattenuated. The KAO acquisition and tracker telescopes were protected by strong neutral-density filters. (For further details see Lindsey et al. 1986.) In order that the telescope positioning could be updated during totality, some of the filtering on the tracker telescope was remotely removable in flight so that the solar corona could be observed. During the observation flight, a telescope malfunction drove the telescope out of focus. This was seen in the beam shapes at shorter wavelengths, but did not effect the results at wavelengths greater than 100 //m.
Two separate dichroic detector-systems were mounted at the telescope f/17 focal plane. Both of these systems incorporated bolometer detectors operating at pumped liquid-helium temperatures. The first of the detector-systems (Photometer 1) was the same four-channel photometer used in the eclipse observations reported in Lindsey et al. (1986) . This dichroic photometer is capable of simultaneously observing the same position in the sky at wavelengths of 30, 50, 100, and 200 /mi. In addition to this short-wavelength photometer, a new long-wavelength dichroic photometer capable of simultaneous co-spatial observations at 200, 360, and 670 /mi (Photometer 2) was developed for this experiment. This new photometer was similar in construction to the shorter wavelength system, but used metal meshes instead of crystals as the dichroic beamsplitters and had a composite bolometer with a cold JFET source-follower preamplifier for extra sensitivity in the 670 /mi channel. The boresights for the two detector systems were located a distance of 4' apart in a direction tangential to the solar limb at the expected points of second and third contact. The spectral passbands and apertures for these detector systems are shown in Table 1 .
In making any sort of occultation measurements where light curves are obtained, it is important to remove the temporal effects of tracking variations throughout the occultation. Even with the gyrostabilization of the KAO telescope, these variations would seriously degrade the accuracy of the reconstructed solar limb profiles. In order to reduce this effect, the beam positions of the two detector systems were continuously scanned across the solar limb by superposing a triangle wave signal on top of the standard square-wave signal that was sent to the chopping secondary mirror. A schematic diagram of this technique can be found in Figure 1 . Basically, this procedure ensures that the maximum signal from the solar crescent will always be obtained, so long as the guiding errors do not allow the lunar limb position to drift beyond the extent of the triangle-wave sweep. Further details of this technique can be found in Lindsey et al. (1986) . In our present observations, the photometer beams were square-wave chopped a distance of 3Í0 along a direction normal to the solar limb at a frequency of 31 Hz while the superposed triangle wave had a frequency of 0.5 Hz with an amplitude of 3Í7. A scale diagram of the beam positions and the triangle pattern relative to the solar limb is shown in Figure 1 .
The telescope pointing was continuously corrected up to second contact using the KAO acquisition and tracking telescopes protected with the neutral-density filtering described above. In ordinary observations on the KAO, accurate source tracking can be accomplished by autoguiding on the image from either the acquisition, tracking, or focal plane cameras. With an eclipse observation this is no longer possible, since the nonsymmetric linear shape of the solar crescent near second contact precludes using the ordinary autoguiding routines. In addition, after second contact there will be no solar image left to do any guiding on. As a result, during the progression toward second contact the telescope was manually guided on the lunar limb, and corrections were made to the telescope gyrostabilization feedback circuit up to 30 s before second contact. The position of the lunar limb was also manually centered in the center of the triangle wave pattern until 10 s before second contact. At this time no further manual guiding or gyronulling corrections were made, and the telescope obtained its pointing solely by the gyrofeedback. Approximately 30 s after second contact, one of the neutral-density filters was remotely removed from the KAO tracker telescope, letting enough light through the telescope that the lunar limb could be seen against the solar corona. Again, the feedback level from the gyros was updated, and the telescope was manually guided to 10 s before third contact, as before. At 10 s before third contact the neutral-density filter was reinserted into the tracker telescope to protect it from the light of the emerging Sun. Approximately 30 s after third contact the telescope was again guided manually using the tracking and acquisition telescopes.
In addition to the data taken at second and third contact, data were also obtained at first contact and again when the moon had covered the Sun approximately halfway. In this latter orientation, the telescope was scanned across the entire lunar-solar system. These data were used for calibration purposes, as will be discussed below. During totality the telescope was also briefly offset onto blank sky in order to determine any radiative offset due to the telescope emission.
The outputs from the seven bolometers were amplified, synchronously demodulated at the chopping frequency, digitized, and stored on magnetic tape. As insurance against a lock-in amplifier failure, the new raw signal from the detectors' amplifiers was also recorded. The digitization was made at a frequency of 500 Hz for each wavelength, so that each linear scan across the solar limb due to the triangle wave contained 500 data points per wavelength channel. In addition to the infrared data, digitized data were recorded from the following : the secondary mirror position, the chopping square-wave driver signal, various timing signals used to reference the data to the video tapes made from the tracker camera output, a calibration voltage reference, and the total visible light from the Sun. This last measurement was obtained using a small telescope with a silicon photocell that was pointed at the Sun out of a window of the KAO and was necessary to determine the precise times of second and third contacts in visible light. Using a separate system, a recording of the image of the Sun seen by the tracker telescope was also made in conjunction with the voice recordings from the experimenter's headsets.
The two most basic qualities that characterize the solar limb profiles are their heights and their intensities. The heights are obtained by proper timing of the observations and comparison between the visual and infrared occultations. An accurate knowledge of the detector response over the dynamic range of the observations is not important for this determination. However, to determine the extreme limb intensities accurately, it is important that the detector response be reasonably linear over the dynamic range of its operation. The bolometers we used were operated at a bias potential of ~0.5 V, and their response to signals that perturb the output voltage a significant fraction of this value from this operation point are not linear. However, the maximum voltage perturbation experienced by the bolometers in these solar observations (the difference between the entire Sun filling the detector aperture and just blank sky) was never more than 5 mV. In this small range of operation, laboratory tests have shown that the bolometers and the detector electronics are linear to within 1%. As an in-flight check on this, we also inserted black polyethylene filters with known attenuations into the beam while chopping the secondary mirror between blank sky and the full solar disk. The results we obtained are in perfect agreement with the laboratory measurements.
3. RESULTS Good data were obtained at both second and third contacts on all of the detector-system channels. A representative data set at second contact showing the signal the S/N in our data is shown in Figure 2 . The timing of second and third contact as determined from the image in the tracker camera and the measured signal from the silicon photodiode agreed to better than 1 s of time. As a check for agreement in the data from second and third contacts, we compared the derived limb heights from both second and third contacts for each wavelength and found them to be identical to within 0'.'3. The different steps taken in the data reduction and analysis are detailed below.
Time From Visible Second Contact (s) Fig. 2. -A sample of the second-contact data from the 360 yum channel after synchronous demodulation at 31 Hz. The distinctive shape of the data output is given by the beam geometries as shown in Fig. 1 . For a more detailed description of the origin of this shape, see Lindsey et al. (1986) . Note that there is still substantial solar emission at 360 /un after the visible disk of the Sun has disappeared behind the Moon. Note also the residual signal due to the Moon after the solar signal has completely disappeared. The beam response at each wavelength was determmined by slowly scanning the telescope normal to the lunar-solar interface with the triangle wave turned off and while the Moon was covering approximately one-half of the Sun. This scan across the lunar limb then gave the chopped two-beam response to a curved step function with a radius of curvature equal to the lunar limb radius. Since the lunar limb radius is very close to that of the solar limb, this measurement was used to effectively translate a two-dimensional beam response across a sharp curved limb into a one-dimensional response function ). The same measurements were then made while the triangle wave was superposed on the square-wave chopping signal. These data showed that there was no noticeable change in beam shape as a function of the offset of the secondary mirror due to the triangle wave. The beam shapes for wavelengths greater than 100 jum were smooth although slightly extended, due to the out-of-focus telescope. The beam shapes at wavelengths of 100 pm and less definitely showed a doublepeaked out-of-focus response.
A similar set of beam-response measurements for the thirdcontact limb orientations was planned for the end of the flight, when the Moon had uncovered approximately one-half of the Sun. To first approximation, the beam responses should be the same for the second and third contact orientations, but with a real beam any asymmetries in the beam pattern will give rise to different beam responses. Unfortunately, a computer crash on the aircraft made the third contact beam response data of poorer quality than the earlier beam determinations. As a result, the second contact beam shapes are more accurately known than the third contact beam shapes. In addition, the second contact guiding was slightly more accurate than we were able to obtain at third contact. For these reasons, aside from the limb heights given in Table 2 , we will present only data from the second contact here.
Telescope Drift Rate
In order to properly correct the second and third contact data it was necessary to determine the apparent movement of the lunar limb across the telescope field due to the residual telescope gyro-error. This residual drift rate could be deter- a Half-power limb heights for 30, 50, and 100 /an limbs are from . b The uncertainties given above correspond to a spatial distance of 0'.'3 for second contact and 0"5 for third contact and reflect our estimated uncertainties in the determination of the limb half-power points and our uncertainty in the exact timing of the visible contact times. Using the model C from VAL, the height of the visible limb would be located 340 km above the photosphere. mined during the subsequent data analysis both by examination of the video recording of the tracker camera output and by the analysis of the infrared signal from the Moon. The residual uncorrected gyro-error was found to be constant in time over the 60 s of interest around second-contact, with a drift rate of T.'S s -^ Since this rate was observed to be constant in time and was slow enough that the total drift over the times of interest at second and third contacts was not a significant fraction of the triangle wave amplitude, the effects of the drift could be removed in the data analysis described below.
Limb Profile Reconstruction
The solar limb profile was reconstructed by looking at the second contact infrared data backwards in time, starting with the infrared emission originating solely from the Moon. Each of the demodulated infrared signal channel's data set was broken up into 1 s intervals corresponding to individual sweeps of the telescope beam as driven by the triangle wave. In this representation, new slices of the solar limb, each 0'.'514 wide and incorporating 500 digitized data points, were uncovered with every sweep of the telescope beam. In the data reduction process, every 10 data points were averaged together so that within als sweep 50 data points per channel were obtained. This increased the S/N of the individual data points used for our fitting procedure at the expense of a negligible decrease from 2 to 20 ms in the time resolution. The data points from each sweep of the triangle wave were then fit to a model containing emission from the Moon, previously determined slices of the Sun, and the new uncovered slice.
It is worth noting that an error in any one derived limb-slice surface brightness value does not propagate indefinitely into all the subsequent slices with this technique, since an erroneous measurement in one slice will be largely canceled by the derived value for the next slice. For example, if the derived value for one slice is erroneously high, then the incorporation of this slice into the model for the derivation of the brightness of the next slice will make the next slice's surface brightness lower. In subsequent slice brightness derivations the offsets in these two brightness values will largely cancel each other out. As long as the atmospheric transmission does not change greatly, then the scatter in the values of the slice surface brightness, located well away from the solar limb (where the solar surface brightness is expected to be changing slowly) will then be indicative of the uncertainty in the individual slice measurements. At the altitude of the KAO during our measurements the atmospheric transmission did not change significantly enough to influence the uncertainties shown in the results presented here. Figure 3 shows the derived limb profiles at 200, 360, and 670 pm. Since the beam profiles at the shorter wavelengths were affected by the out-of-focus telescope, the limb profiles are not given for these wavelengths. The reader is referred to Lindsey et al. (1986) for a description of the solar limb profiles at these wavelengths. The vertical axis is in arbitrary units, while the abscissa is given relative to the position pf the visible limb, measured with the silicon photodiode detector system described above. The half-power limb heights, including the third-contact values from Photometer 2, are given in Table 2 . As was mentioned previously, we are more confident about the second contact results than we are about the third contact results, so only the second contact data will be considered in the subsequent analysis. A comparison with similar results from Lindsey et al. (1983 Lindsey et al. ( , 1986 shows that the results we 1991ApJ. . .381. .288R ROELLIG ET AL.
Vol. 381 292 Arc Seconds From Second Contact Fig. 3. -The solar limb profiles as derived from the data from Photometer 2. The horizontal axis is the distance in arcseconds from the visible second contact. The vertical axis is in arbitrary units. obtained at 30, 50, and 100 /mi were in agreement with the results reported by those authors, once the proper corrections for the out-of-focus beams were made, and will not be considered here further. Instead we will concentrate on the 360 and 670 /mi micron results, which are new, and the 200 /mi results from our new photometer which have significantly better S/N than the 200 /mi results reported in Lindsey et al. (1983 Lindsey et al. ( , 1986 . It can be seen that the limbs at these wavelengths fall off smoothly, with no sign of any extreme limb-brightening spike.
As a further check on the validity of our results, we can compare our limb intensities to those obtained by other workers. Since our data show that there are no sharp emission spikes at the extreme solar limb at any of our observed wavelengths, we can average over the emission intensity from the region 10" inside the visible limb out to the visible limb in order to derive a measure of the limb emission that can be compared to other earlier observations made at lower angular resolution. In order to eliminate different disk-center brightness temperatures used by different workers, all the limb intensities were normalized to the disk-center emission. The results of such a comparison are presented in Table 3 . Although some of these earlier measurements were made at spatial scales somewhat different than the 10" we are averaging over here, it can be seen that our results are in reasonable agreement with the earlier measurements, except possibly at 200 //m. One possible origin of the differences in the results presented here compared with those from earlier epochs could be due to the difference in the solar activity between the different eras. For   Fig. 4. -The second-contact solar limb profiles at 200, 360, and 670 fim. The height relative to the photosphere is plotted on the horizontal axis. The arrow denotes the position of the visible limb, which is expected to appear at 340 km using model C of VAL. The values of the disk-center brightness temperatures used to derive the temperatures shown on the vertical scale are given in the text. example, Lindsey et al. (1986) reported definite activity during their observations of the 1981 eclipse. In our observations we saw no evidence of similar activity.
DISCUSSION
It is worthwhile to compare the results presented here with the predictions of previously published models. The derived limb profiles are plotted in Figure 4 (with the position of the visible limb indicated) as a function of height above the photosphere. In order to assign brightness temperatures to our results we have adopted the disk-center temperatures of Vernazza et al. (1981) , model C (hereafter VAL). These values are 4370, 4680, and 5365 K for the 200, 360, and 670 /zm diskcenter brightness temperatures, respectively. We have also used the VAL model to determine a height of 340 km for the visible limb above the photosphere. A couple of points are immediately noticeable in Figure 4 . All of the infrared limbs are extended with respect to the visible limb, with the extension increasing with increasing wavelength. There is also limb For the results from this work, the statistical uncertainties given above are the standard deviation of the means of the data points being averaged over. A measure of the dispersion in the data that went into this average is given by the standard deviation of the population, which can be found by multiplying the uncertainties given above by a factor of 4.4.
b The uncertainty quoted for this value is statistical only. The technique used for this particular measurement is especially susceptible to systematic errors, which are expected to be at least 10%.
References.-(1) This work; (2) Lindsey et al. 1986 ; (3) Lindsey et al. 1981 ; (4) Lindsey et al. 1990 . No. 1, 1991 brightening at all wavelengths, with the magnitude of limb brightening also increasing with wavelength (Table 3) . Our results are an extension of the trend noted at shorter wavelengths and reported in Lindsey et al. (1986) . The analysis of the results at 30-200 /mi in the 1981 eclipse reported in Lindsey et al. (1986) showed that smooth chromospheric models in hydrostatic equilibrium, such as the VAL model, cannot adequately explain the far-infrared solar limb observations. Hermans & Lindsey (1986) were able to fit the 30-200 //m limbs by artificially stretching the chromosphere out of hydrostatic equilibrium. Although this treatment did a good job of fitting the data, it did not address the mechanism responsible for disturbing hydrostatic equilibrium. A subsequent paper by Lindsey (1987) showed how a macroscopically rough atmosphere could be treated in a statistically equivalent way to a smooth but stretched atmosphere incorporating effective electron number densities and temperatures. Braun & Lindsey (1987, hereafter BL) then described how solar roughness due to the presence of spicules in the low chromosphere could cause the necessary departure from hydrostatic equilibrium and fit the observed results from the far-infrared out to 2.6 mm. Their model also removed the problem of the bright limb spike predicted at millimeter wavelengths by the model of Beckers (1972) . Since we will extend the model of BL to fit our data, we will summarize it briefly here.
The model of BL used the chromospheric model C of VAL up to a height of 1000 km above the photosphere and then postulated spicules as the dominant source of opacity above this height. These spicules are assumed to be much cooler as well as much denser than the interspicular medium. BL further assumed that the spicules are cylindrical in cross section and also have a constant electron temperature. The density of spicules on the solar surface at a height h above the photosphere is taken to be given by the expression
where N(h) is the total number of spicules extending up to height h, N 0 is the total number of spicules on the solar surface, and H is a scale height. The values of these parameters and sources for the numbers are given in Table 4 . For the electron density within the spicules, BL used the power-law behavior given in the spicule model of Beckers (1972) , but increased the electron number density at heights less than 3000 km in order to better fit the 200 /mi limb data. BL further assumed that the spicule electron temperature was 7000 K and constant with height. If we use the model parameter values of BL and the statistical treatment of Lindsey (1987) , we then derive the effective electron temperatures and effective electron number densities shown in Figure 5 . We can then use these values to model the limb profiles at 200, 360, and 670 jum, as shown by the Braun & Lindsey (1987) spicule model above this height. Two curves are given for the electron number density. The curve labeled BL is from Braun & Lindsey (1987) . The lower curve gives a better fit to the 360 and 670 jim data presented here, while still giving a good fit to observations at both shorter and longer wavelengths.
dashed curve in Figure 6 . In this modeling we have included both H free-free and H~ free-free opacities (although the opacity from H free-free is much greater at the limb than that due to H _ free-free). We have also assumed that the hydrogen ionization balance is in LTE in both the spicules and intraspicular medium.
It can be seen from Figure 6 that the observed limb profiles are in rough agreement with those predicted by the modified BL model. Two discrepancies are immediately apparent:
1. There is no sign in the observed limb profile of the predicted emission spike at 200 //m and, to a lesser extent, at 360 /mi.
2. The predicted positions of the limbs lie slightly higher above the photosphere than the observed limbs, particularly at 360 and 670 /mi.
3. The predicted brightness temperatures at 200 and 360 /mi are slightly higher that those observed.
These discrepancies can be largely removed by slight adjustments to the model parameters. The model limbs can be brought the necessary distance closer to the photosphere to match the observed limb extensions by a slight reduction in the electron number density within the spicules at lower heights. Changing the number density of electrons within the spicules to that shown by the lower line in Figure 5 then gives a good fit to the limb extensions at all of our observed wavelengths and still fits the results at 2.6 mm of Wannier, Hurford, & Seielstad (1983) . The model derived from these parameters is given by the solid curve in Figure 6 . The limb spike predicted in the 200 jum model and, to a lesser extent in the 360 /mi model, is largely due to the very large number of spicules at low heights given by the simple exponential formula of equation*(1). A somewhat smoother transition between the VAL model below 1000 km to the spicule model at higher heights given by equation (1) would lower this spike. At low heights, relaxing the isothermal condition on the spicules would also help smooth over this spike, lower the limb brightness temperature, and bring the model closer to the observations. Although slight adjustments to the parameters used in the model of BL can bring the model into reasonable agreement with the data, it is clear that a more complex and realistic ROELLIG ET AL. model is needed to accurately reproduce all of the details seen in the observed solar limb at submillimeter wavelengths. In generating such advanced models it can be seen that high resolution far-infrared observations, such as those presented here, are of great utility in constraining the values of the model parameters.
CONCLUSIONS
We have made observations of the extreme solar limb in six far-infrared wavelength bands ranging from 30 to 670 /mi using the Kuiper Airborne Observatory during the total eclipse of the Sun on 1988 March 18, obtaining a spatial resolution of 0'.'5 normal to the limb. The results at wavelengths of 100 /um and less were found to be essentially equivalent to those obtained earlier by Lindsey et al. (1986) . The solar limb at wavelengths longer than 50 /mi was found to be extended with respect to the visible limb at all of these wavelengths, with the extension increasing with wavelength. Limb brightening was observed to increase slightly with increasing wavelength and no sign of a sharp emission spike at the extreme limb was found at any of our observed wavelengths. The observations can be well fitted by a chromospheric model incorporating cool dense spicules in the lower chromosphere.
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